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APPARATUS AND METHOD FOR DRAWING LINES 

■ * 

BACKGRbUND bF THE INVENTION 

The present invention generally relates to a graphics 
5 processor for drawing lines as a graphic image on a display 
device, for example, and more particularly relates to an ap- 
paratus that can draw relatively short lines in a shorter 
amount of time. 

Thanks to remarkable progress of computer graphics tech- 

10 nologies, the capabilities of graphics processors, such as 
the quantities of data processable per unit time, have tre- 
mendously improved. Under the circumstances such as these, 
the need for drawing an image at an even higher resolution 
goes on increasing day after day. Typical applications the 

15 computer graphics technologies have ever found include com- 
puter-aided design (CAD), computer-aided engineering (CAE) and 
computer games. Recently, however, those technologies have ex- 
panded their applications to presentation of maps on the dis- 
play of a car navigation system using a global positioning 

20 system (GPS) . 

A car navigation system, in particular, often needs to 
present map information (e.g., roads, boundaries, etc. on the 
map) on the screen as a combination of many short lines, not 
just simple straight lines (or line segments). Also, the 

25 user's demand for accelerated line drawing by a graphics 
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processor has been rising in the field of navigation systems. 
TUis is, because he or she almost always wants to retrieve in- 
formation about an area neighboring that currently presented 
on the screen as fast as possible. 
5 As for the techniques of drawing lines by computer 

graphics technologies, see Yoshio Sato, "An Introduction to 
Graphics", ASCII Publisher, pp. 46-56, for example. 

Hereinafter, a known line-drawing method will be de- 
scribed with reference to Figures 25 and 26. 
Ho Figure 25 illustrates a basic procedure taken by the 

~\ known line-drawing method. Suppose a start point 100 with 
Vs coordinates (Xs, Ys) and an end point 101 with coordinates 
(Xe, Ye) are given on the screen. In this case, to draw a 
Ij line connecting the start and end points 100 and 101 to- 
4l5 gether, a (linear) slope parameter, representing the slope of 
- 1 the line, needs to be calculated from these coordinates as | 
Ye — Ys I / I Xe — Xs I . Actually, though, the line is drawn as a 
group of line segments 102 with a unit length that are joined 
together between the start and end points 100 and 101. 
20 Figure 26 illustrates a typical flow of the known line- 

drawing process. As shown in Figure 26, first, in Step S100, 
the directional attribute of a line is determined. Specifi- 
cally, the shifting direction of the line is known from the 
signs of the differences between the X coordinates and be- 
25 tween the Y coordinates of the start and end points 100 and 



2 



J* 

> 4 

I 

101, i.e., (Xe-Xs) and (Ye-Ys). Next, in Step S101, the 
slope parameter of the line is obtained by dividing the abso- 
lute value of the difference between the Y coordinates by 
that of the difference between the X coordinates, i.e., | Ye 
-Ys | / | Xe-Xs | . Then, in Step S102, it is determined 
whether or not the far end of the line being drawn has 
reached the end point 101. If the answer is NO, then the 
slope parameters obtained are sequentially added together 
from the start point 100 in the next Step S103. 

As described above, in presenting detailed information 
about roads as a map on a car navigation system, for example, 
it is necessary to draw many short lines within a predeter- 
mined amount of time. However, the conventional line-drawing 
method needs to perform division operations for generating 
slope parameters as shown in Figure 26. As is well known in 
the art, the division operations require high computational 
costs in the field of digital computations. That is to say, 
the hardware cost and the time for performing those operations 
are several times greater than addition operations. Thus, it 
is difficult for a car navigation system, which usually pre- 
sents roads and so on using short lines, to draw those lines 
at sufficiently high speeds. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
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draw lines (or short lines, in particular) at high speeds us- 
iq.g a pimple configuration. 

To achieve this ob'ject,' the inventive line-drawing appa- 
ratus presents a midpoint between the start and end points of 
5 a line by generating the coordinates of the point. Then, the 
apparatus sequentially presents other midpoints by generating 
their coordinates such that each midpoint is located between 
the midpoint previously generated and one of the other points 
adjacent to the midpoint. 

10 Specifically, a first inventive line-drawing apparatus 

is adapted to draw a line connecting a start point to an end 
point. The start and end points are represented by mutually 
different sets of coordinates. The apparatus includes mid- 
point coordinate generating means for generating coordinates 

15 for first, second and third midpoints. The first midpoint is 
located in the middle of a line segment connecting the start 
and end points together. The second midpoint is located in 
the middle of a line segment connecting the start point and 
the first midpoint together. And the third midpoint is locat- 

20 ed in the middle of a line segment connecting the end point 
and the first midpoint together. The apparatus further in- 
cludes display means for presenting the start point, the 
first, second and third midpoints and the end point thereon. 

In the first line-drawing apparatus, first, the midpoint 

25 coordinate generating means generates coordinates for a first 
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midpoint located in the middle of a line segment connecting 
start $nd end points together. And then the generating means 
sequentially generates coordinates for other midpoints, each 
located in the middle of a line segment connecting two adja- 
5 cent points together. Thus, in calculating a linear parameter 
representing the slope of the line, there is no need to per- 
form a division operation using the difference between the X 
coordinates of the start and end points as a denominator. 
That is to say, since virtually no dividers are needed any- 

10 more, the throughput improves particularly when many short 
lines should be drawn. In addition, since the divide-by-two 
operation for obtaining each midpoint may be performed just by 
shifting right by one bit as for a binary number, the configu- 
ration of the apparatus can be simplified and the cost thereof 

15 can be cut down. 

In one embodiment of the present invention, the midpoint 
coordinate generating means further generates coordinates for 
other midpoints, each being located in the middle of a line 
segment ending at two adjacent ones of the points. In such an 

20 embodiment, even if the line to be drawn is relatively long, 
the line still can be drawn with higher precision. 

In another embodiment of the present invention, the line 
connecting the start and end points together is preferably 
divided into a number 2 n of line segments, where n is an in- 

25 teger equal to or greater than zero. And each said line seg- 
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ment is preferably further divided by two with the line seg- 
ment regarded as ending at a new pair of start and end 
points. In such an embodiment, even if the line connecting 
the start and end points together is relatively long, that 
5 long line can be drawn by dividing the long line into multi- 
ple short lines in advance and there is no need to use the 
linear parameters unlike the conventional method. In addi- 
tion, since this apparatus can be used recursively, the appa- 
ratus can have its configuration simplified. 

10 In this particular embodiment, at least one midpoint is 

obtained by dividing the line connecting the start and end 
points together into a number 2 n of line segments, where n is 
an integer greater than zero. Each said midpoint obtained is 
located in the middle of a line segment connecting two of the 

15 other points, where one of the two points is located closer 
to the start point while the other is located closer to the 
end point. 

A second inventive line-drawing apparatus is also adapt- 
ed to draw a line connecting a start point to an end point. 

20 The start and end points are both presented on display means 
and represented by mutually different sets of coordinates. 
The apparatus includes: first and second data storage means, 
each accepting a plurality of input coordinate data and se- 
quentially outputting one item of these data after another on 

25 a first in, first out basis; adding means for receiving and 
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adding together the respective coordinate data output from the 
first ajid second data storage means and outputting added data; 
and divide-by-two means for dividing the added data by two and 
outputting divided data. The coordinate data output from the 
5 first and second data storage means are input to the first da- 
ta storage means. The divided data is input from the divide- 
by-two means to the second storage means. And the line con- 
necting the start and end points together is drawn on the dis- 
play means in accordance with the divided data output from the 
■i\o divide-by-two means . 

^| In the second line-drawing apparatus, coordinate data, 

representing the start and end points, are output and stored 
on the first and second data storage means concurrently, 
p Next, the output data of the first and second data storage 
ijJ5 means, i.e., the coordinate data representing the start and 
i«# end points, are output to the adding means. At the same time, 
the coordinate data representing the start and end points are 
stored on the first data storage means, while the divided co- 
ordinate data, representing the first midpoint, is stored on 
20 the second data storage means. Since these data storage means 
are FIFOs, the first and second data storage means will next 
output the coordinate data representing the start or end point 
and the coordinate data representing the first midpoint, re- 
spectively. Thus, if these coordinate data output are added 
25 together and the sum is divided by two, then the coordinates 
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for the second or third midpoint are generated. In this man- 
ner, the second inventive line-drawing apparatus performs the 
same operation as the first inventive line-drawing apparatus. 

In one embodiment of the present invention, the divide- 
5 by-two means is^ preferably a shifter that is so interconnected 
as to shift the added data to the right by one bit. In such 
an embodiment, the divide-by-two means is implementable as a 
shifter (e.g., a barrel shifter) that can operate at a high 
speed using a simple configuration. Thus, the inventive appa- 

10 ratus can consist of relatively simple hardware resources in- 
cluding the adding means as primary components . 

In another embodiment of the present invention, the sec- 
ond apparatus may further include iteration control means for 
regulating the number of times the output data is fed back to 

15 the first and second storage means. The iteration control 
means may include: a longer side calculator /selector for cal- 
culating respective absolute values of a difference between X 
coordinates and a difference between Y coordinates of the 
start and end points and for outputting one of these two dif- 

20 ferences that has the greater absolute value; and a number-of- 
times comparator for determining, by the absolute value, the 
number of times the output should be fed back. In such an em- 
bodiment, the longer side calculator /selector selects either 
the difference between the X coordinates or the difference be- 

25 tween the Y coordinates that has the greater absolute value 
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for the start and end points. Accordingly, the number of mid- 
points .formed between the start and end points is controllable 
depending on the absolute values of the differences between 
the X coordinates and between the Y coordinates, thus increas- 
5 ing the line-drawing precision. In addition, since the number- 
of-times comparator determines the required number of times of 
feedback by the difference with the greater absolute value, 
the line-drawing process can be finished within a predeter- 
mined amount of time. 
||o In still another embodiment, the second apparatus may 

J{ further include: first and second color data storage means, 
each accepting a plurality of input color data and sequential- 
i3 ly outputting one of the data after another on a first in, 
Ql first out basis; color data adding means for receiving and ad- 
\M5 ding together the respective color data output from the first 
CI and second color data storage means and outputting added color 
data; and color data divide-by-two means for dividing the 
added color data by two and outputting divided color data. The 
color data, which are output from the first and second color 
20 data storage means and correspond to the start and end points, 
respectively, are input to the first color data storage means. 
The divided color data, output from the color data divide-by- 
two means, is input to the second color data storage means. 
And the color of the line connecting the start and end points 
25 together may be determined in accordance with the divided 
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color data. Generally speaking, color information is also 
pr;ocess t ed digitally by a computer. Thus, in this embodiment, 
the added color data is also divided by two, while the line 
connecting the start and end points together is being drawn. 
5 As a result, a color-interpolated, graded line can be drawn 
within a period of time required by the conventional division 
operation . 

In an alternate embodiment, the second line-drawing ap- 
^ paratus may further include: first and second brightness data 
j^lO storage means, each accepting a plurality of input brightness 

%\ data and sequentially outputting one of the data after another 

ol 

HI on a first in, first out basis; brightness data adding means 
for receiving and adding together the respective brightness 
data output from the first and second brightness data storage 
;;f as means and outputting added brightness data; and brightness da- 
**** ta divide-by-two means for dividing the added brightness data 
by two and outputting divided brightness data. The brightness 
data, which are output from the first and second brightness 
data storage means and correspond to the start and end points, 
20 respectively, are input to the first brightness data storage 
means. The divided brightness data, output from the brightness 
data divide-by-two means, is input to the second brightness 
data storage means. And the brightness of the line connecting 
the start and end points together may be determined in accor- 
25 dance with the divided brightness data. Generally speaking, 
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brightness information is also processed digitally by a com- 
puter. , Thus, in this embodiment, the added brightness data is 
also divided by two, while t:he line connecting the start and 
end points together is being drawn. As a result, a bright - 
5 ness-interpolated, graded line can be drawn within a period of 
time required by the conventional division operation. 

In yet another embodiment, the second line-drawing appa- 
ratus may further include: linear parameter calculating means 
for calculating and outputting a linear parameter represent- 
ee) ing a slope of the line connecting the start and end points 
J i together; first selecting means for receiving the linear pa- 
HI rameter and the output data of the first data storage means 
and selectively outputting either the parameter or the output 
CI data of the first data storage means to the adding means; and 
yis second selecting means for receiving the divided data and the 
! ~* output data of the second data storage means and selectively 
outputting either the divided data or the output data of the 
second data storage means to the adding means. In general, 
when a relatively long line should be drawn between start and 
20 end points, that line could be drawn faster by the conven- 
tional method, in which the line is sequentially drawn to the 
end point while calculating linear parameters, than by the in- 
ventive method, in which the line segments are drawn while ob- 
taining multiple midpoints. In this embodiment, however, the 
25 apparatus includes the linear parameter calculating means for 
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calculating and outputting a linear parameter representing 
the slape of the line connecting the start and end points to- 
gether. Thus, even in 'the situation described above, if the 
FIFO-type data storage means are disabled by the first and 
5 second selecting means to enable the output of the linear pa- 
rameter calculating means, the adding means can be shared. 
Accordingly, in drawing short lines, a high throughput is re- 
alizable without using the conventional dividers. On the other 
hand, in drawing long lines, which could not be drawn at a 
Mo high throughput by the short line drawing method, the con- 
:J1 figuration of the apparatus can be simplified by partially 
m sharing the hardware. 

A third inventive line-drawing apparatus is also adapted 
□ to draw a line connecting a start point to an end point. The 
^45 start and end points are both presented on display means and 
both represented by mutually different sets of coordinates . 
The apparatus includes : data storage means with data storage 
areas on which multiple coordinate data are storable, the co- 
ordinate data including first and second coordinate data of 
20 the line connecting the start and end points together; adding 
means for adding together the first and second coordinate data 
and outputting added data; and divide-by-two means for divid- 
ing the added data by two and outputting divided data. The 
divided data is stored as third coordinate data on a predeter- 
25 mined one of the data storage areas . 
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In the third apparatus, data storage means includes data 
storage areas, on which multiple coordinate data, including 
first and second coordinate data of a line connecting start 
and end points together, are storable. Accordingly, the num- 
5 ber of midpoints to be generated is automatically determined 
by the number of the data storage areas (i.e., capacity). As 
a result, the procedure of computations is simplified and con- 
trollable more easily. 

In one embodiment of the present invention, the adding 
HO and divide-by-two means repeatedly perform the addition and 
the divide-by-two operation for multiple line segments a num- 
ber of times determined by the number of the data storage ar- 
s eas . Each said line segment ends at two adjacent ones of 
□ midpoints that correspond to the respective coordinate data. 
bl5 And results of the addition and the divide-by-two operation 
Cl are stored on respectively predetermined ones of the data 
storage areas. In such an embodiment, even if a line segment 
to be drawn is relatively long, the line segment can be drawn 
with higher precision - 
20 An inventive line-drawing method is adapted to draw a 

line connecting a start point to an end point using a line- 
drawing apparatus. The apparatus includes: display means; 
first and second data storage means of a first in, first out 
type; adding means for receiving outputs of the first and sec- 
25 ond data storage means; and divide-by-two means for dividing 
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an output of the adding means by two. The start and end 
pqints 4 are both presented on the display means and represent- 
ed by mutually different sets of coordinates . The method in- 
cludes the steps of: a) outputting start and end point 
5 coordinate data, which represent the start and end points, 
respectively, to the display means; b) storing the start and 
end point coordinate data on the first and second data stor- 
age means, respectively; c) outputting the start point coor- 
dinate data from the first data storage means to the adding 
£%0 means and storing the start point coordinate data back to the 
:/\ first storage means concurrently; d) outputting the end point 
Si coordinate data from the second data storage means to the ad- 
. :s ding means and storing the end point coordinate data on the 
□ first storage means concurrently; e) outputting a sum of the 

Ui5 start and end point coordinate data from the adding means to 

CI 

the divide-by-two means; and f) providing output data of the 
divide-by-two means to the display means and storing the out- 
put data of the divide-by-two means on the second data stor- 
age means concurrently such that the output data of the 
20 divide-by-two means corresponds to the start and end point co- 
ordinate data stored in the steps c) and d). 

According to the inventive line-drawing method, short 
lines can be drawn easily using the second inventive line- 
drawing apparatus . 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic block diagram illustrating a 
line-drawing apparatus according to a first embodiment of the 
present invention . 
5 Figure 2 is a block diagram illustrating the details of 

an X coordinate generator for the line-drawing apparatus of 
the first embodiment. 

Figure 3 is a block diagram illustrating the details of 
a shifter for the line-drawing apparatus of the first em- 
tio bodiment. 

Figure 4 is a block diagram illustrating the details of 
S ; i an X coordinate controller for the line-drawing apparatus of 
•3 the first embodiment. 

c| Figure 5 is a block diagram illustrating the details of 

h\5 an iterative number regulator for the line-drawing apparatus 

c | 

Zl of the first embodiment. 

Figure 6 is a block diagram illustrating the details of 
a number-of-times comparator for the line-drawing apparatus 
of the first embodiment. 
20 Figure 7 is a schematic representation illustrating re- 

lationships between the number of stages in an FIFO memory and 
the value of a longer side to be drawn. 

Figures 8(a) through 8(d) are schematic representations 
illustrating how the line-drawing apparatus of the first em- 
25 bodiment generates coordinate data for a line connecting five 
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pixels together: 

Figure 8(a) illustrates coordinate data for start and 
end points; 

Figure 8(b) illustrates coordinate data for a first mid- 
5 point located between the start and end points; 

Figure 8(c) illustrates coordinate data for second and 
third midpoints; and 

Figure 8(d) illustrates the coordinate data defined for 
the five pixels • 

;f JO Figure 9 is a schematic representation illustrating how 

y = 

=/{ the coordinate data are stored on the FIFO memory of the 

.3. i 

line-drawing apparatus of the first embodiment. 

Figure 10(a) is a schematic representation illustrating 
C? how data is input and output to/ from a four-stage FIFO memory 

Ul5 for the line-drawing apparatus of the first embodiment; and 

'Ql 

Figure 10(b) is a block diagram illustrating how data is 
input and output to/from first and second four-stage FIFO 
memories for the line-drawing apparatus of the first embodi- 
ment . 

20 Figure 11 is a schematic representation illustrating how 

the line-drawing apparatus of the first embodiment may per- 
form a line-drawing operation for three pixels. 

Figures 12(a) and 12(b) are schematic representations 
illustrating how the line-drawing apparatus of the first em- 

25 bodiment may perform a line-drawing operation for three pix- 
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els with rounding and truncation adopted, respectively. 

Figures 13(a) and 13(b) are schematic representations 
illustrating how the line-drawing apparatus of the first em- 
bodiment may perform a line-drawing operation for four pixels 
5 with rounding and truncation adopted, respectively. 

Figures 14(a) through 14(c) illustrate a method using a 
fixed memory for a line-drawing apparatus according to a 
modified example of the first embodiment: 

Figure 14(a) is a schematic representation illustrating 
•\o a fixed memory that stores data for nine pixels thereon; 
s ! Figure 14(b) illustrates the order in which coordinates 

iij of respective midpoints should be calculated and the loca- 
» tions where those midpoint coordinate data should be stored; 
Ci and 

yi5 Figure 14(c) is a schematic representation illustrating 

^ a fixed memory that stores data for five pixels thereon. 

Figure 15 is a schematic block diagram illustrating a 
line-drawing apparatus according to a second embodiment of 
the present invention. 
20 Figure 16 is a schematic representation illustrating an 

exemplary graded line drawn with their colors interpolated by 
the line-drawing apparatus of the second embodiment. 

Figure 17 is a schematic block diagram illustrating a 
modified example of a color information generator in the 
25 line-drawing apparatus of the second embodiment. 
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Figure 18 is a schematic block diagram illustrating a 
line-drawing apparatus according to a third embodiment of the 
present invention. 

Figure 19 is a block diagram illustrating a parameter 
5 calculator and the details of an X coordinate generator for a 
line-drawing apparatus according to a fourth embodiment of the 
present invention . 

Figure 20 is a block diagram illustrating the details of 
an iterative number regulator for the line-drawing apparatus 
10 of the fourth embodiment. 

Figure 21 is a flowchart illustrating how the iterative 
number regulator may determine the number of times the line- 
drawing apparatus should perform the operation according to 
the fourth embodiment. 
15 Figure 22 is a block diagram illustrating the details of 

an X coordinate generator for a line-drawing apparatus accord- 
ing to a fifth embodiment of the present invention. 

Figures 23(a) through 23(c) are schematic representa- 
tions illustrating how to divide a long line into multiple 
20 short lines according to the fifth embodiment: 

Figure 23(a) illustrates a long line to be drawn; 

Figure 23(b) illustrates two short lines obtained by di- 
viding the long line shown in Figure 23(a) into two; and 

Figure 23(c) illustrates four short lines obtained by 
25 further dividing each of the short lines shown in Figure 
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23(b) into two. 

Figure 24 is a block diagram illustrating the details of 
a number-of-times comparator for the line-drawing apparatus 
of the fifth embodiment. 

Figure 25 is a schematic representation illustrating a 
known line-drawing method. 

Figure 26 is a flowchart illustrating respective process 
steps of the known line-drawing method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

EMBODIMENT 1 

Hereinafter, a first embodiment of the present invention 
will be described with reference to the accompanying draw- 
ings . 

Figure 1 illustrates a configuration for a line-drawing 
apparatus of the first embodiment. As shown in Figure 1, the 
line-drawing apparatus includes parameter register 1, X and Y 
coordinate generators 2 and 3, address converter 4, memory in- 
terface 5 , frame memory 6 and image display 7 . Coordinate 
data, representing an image to be drawn, is temporarily stored 
on the parameter register 1. X and Y coordinates, included in 
the coordinate data, are generated by the X and Y coordinate 
generators 2 and 3, respectively. The address converter 4 con- 
verts the two-dimensional coordinate data, generated by the X 
and Y coordinate generators 2 and 3, into one-dimensional co- 



19 




ordinate data, which is passed to, and stored on, the frame 
memory ,6 for storing image frames via the memory interface 5. 
Then, the coordinate data is eventually presented on the image 
display 7 such as a liquid crystal display panel or a CRT, On 
5 receiving an end-of -drawing signal, the memory interface 5 
stops outputting the coordinate data to the frame memory 6. 

Figure 2 illustrates the details of the X coordinate 
generator 2 shown in Figure 1. Although not shown, the Y co- 
ordinate generator 3 also has a similar configuration to that 
10 of the X coordinate generator 2. As shown in Figure 2, the X 
coordinate generator 2 includes first and second FIFO memories 

11 and 12, X coordinate calculator 13, X coordinate controller 
14 and selector 15. The first and second FIFO memories 11 and 

12 may receive the X coordinates of the start and end point 
15 coordinate data, respectively, from the parameter register 1 

and store them thereon. The X coordinate calculator 13 re- 
ceives and adds together the output data of the first and sec- 
ond FIFO memories 11 and 12, divides the sum by two and then 
outputs the quotient. The X coordinate controller 14 is an 

20 exemplary iteration control means for controlling the itera- 
tive operation of the first and second FIFO memories 11 and 
12, for example, as defined in the appended claims. The se- 
lector 15 receives the two output data of the parameter regis- 
ter 1 and the output data of the X coordinate calculator 13 

25 and selectively outputs one of these three data in response to 
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a select signal supplied from the X coordinate controller 14. 

TUe first FIFO memory 11 includes first and second memory 
cells 11a and lib. One of the two output data of the parame- 
ter register 1 and the output data of the second FIFO memory 
5 12 are input to the first memory cell 11a. The output data of 
the first memory cell 11a and that of the first FIFO memory 11 
are input to the second memory cell lib. 

The second FIFO memory 12 also includes first and second 
memory cells 12a and 12b. The other output data of the pa- 

10 rameter register 1 and the output data of the X coordinate 
calculator 13 are input to the first memory cell 12a. The 
output data of the first memory cell 12a and that of the X co- 
ordinate calculator 13 are input to the second memory cell 
12b. It should be noted that the same operation is executable 

15 even if the first and second FIFO memories 11 and 12 have 
their positions interchanged horizontally. 

The X coordinate calculator 13 includes an adder 21 and a 
shifter 22. The adder 21 receives and adds together the out- 
put data of the first and second FIFO memories 11 and 12. The 

20 shifter 22 is an exemplary divide-by-two means for dividing 
the sum by two as defined in the appended claims. 

In the illustrated embodiment , the shifter 22 preferably 
has the configuration shown in Figure 3. Specifically, the 
shifter 22 preferably includes a one-bit line shifter 22a and 

25 a data latch 22b. The one-bit line shifter 22a is a barrel 
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shifter, which has been so interconnected as to be shifted 
right by one bit such that the input data can be shifted to 
the right by one bit. The data latch 22b latches the output 
values of the one-bit line shifter 22a bit by bit and output 
5 them as serial data. In such an embodiment, the circuit con- 
figuration of the shifter 22 can be simplified and the input 
can be divided by two at a higher speed. 

Figure 4 illustrates the details of the X coordinate 
controller 14. In Figure 4, the X coordinate controller 14 in- 
^ko eludes iterative number regulator 25 and first and second FIFO 
?\ controllers 26A and 26B. The iterative number regulator 25 
determines how many times the output data should be fed back 
to the first and second FIFO memories 11 and 12, i.e., the 

□ number of times the operation of obtaining a midpoint should 
UJ5 be performed. Following the instruction issued from the itera- 

□ tive number regulator 25, the first and second FIFO control- 
lers 26A and 26B control the input and output of data to /from 
the first and second FIFO memories 11 and 12, respectively. 

Figure 5 illustrates the details of the iterative number 
20 regulator 25. As shown in Figure 5, the iterative number 
regulator 25 includes longer side calculator/selector 25a, 
number-of -times comparator 25b and operation controller 25c. 
Receiving the start and end point coordinates (Xs, Ys ) and 
(Xe, Ye) of a line to be drawn from the parameter register 1, 
25 the longer side calculator /selector 25a obtains the absolute 
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values of the difference between the X coordinates and the 
difference between the Y coordinates of these two points, 
i.e., | Xe — Xs | and | Ye — Ys' | , and outputs one of these two 
differences with the greater absolute value. That is to say, 
5 the longer side calculator /selector 25a selectively outputs 
the data corresponding to the longer side. The number-of- 
times comparator 25b determines , by the value of the longer 
side, the number of times the operation should be performed 
and outputs the number. In response, the operation controller 

^lo 25c gets a predetermined operation executed by the X coordina- 

n "§ 

tl\ te calculator 13 the given number of times. 

15= Figure 6 illustrates an exemplary configuration for the 

\, number-of -times comparator 25b and operation controller 25c. 
C) As shown in Figure 6, the number-of -times comparator 25b in- 
Lis eludes a ROM table 251. The operation controller 25c includes 
2? counter 252, comparator 253 and iterative number control sig- 
nal output circuit 254. The value of the longer side and the 
predetermined number of times the operation should be per- 
formed (which number has been determined by the longer-side 
20 value) are stored on the ROM table 251. The counter 252 
counts the number of times the operation has actually been 
performed. The comparator 253 compares the predetermined num- 
ber of times, which has been read out from the ROM table 251, 
to the count output from the counter 252. If the count is 
25 still less than the predetermined number, then the comparator 
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253 outputs an execute signal. Alternatively, if the count is 
already, equal to or greater than the predetermined number, 
then the comparator 253 'outputs an end-of -operation signal. 

In response to the execute signal, the iterative number 
5 control signal output circuit 254 outputs a counter control 
signal to the counter 252 to instruct the counter 252 to keep 
counting, and also outputs the execute signal to the first and 
second FIFO controllers 26A and 26B. On receiving the end-of - 
operation signal, the iterative number control signal output 

>.— i 

iho circuit 254 outputs an initialize signal to the counter 252 to 
: ,*; instruct the counter 252 to reset the count and also outputs 
the end-of -operation signal to the first and second FIFO con- 
trollers 26A and 26B. 
□ The ROM table 251 does not have to be a table on a memory 

bis area, but may be a logic circuit that receives the longer-side 
P value and outputs the number of times determined by the 
longer-side value. 

In the illustrated embodiment, the number of memory cells 
in each of the FIFO memories 11 and 12 (which will be herein 
20 referred to as the "number of FIFO stages") is four. Herein- 
after, a relationship between the number of FIFO stages and 
the number of midpoints including the start and end points 
will be described. Also, each midpoint of a line, which is 
represented by X and Y coordinates, will be herein called a 
25 "line point". That is to say, the "longer-side value" is the 
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number of line points that together make the line. 

Th>e following Table 1 illustrates the contents of an it- 
erative number determination table showing the relationships 
among the number of FIFO stages, the longer-side value and the 
5 number of times the operation should be performed repeatedly: 



[Table 1] 



Index 


Number of 


Longer-side 


Number of Times 


(Id) 


FIFO Stages 


Value 


of Operation 




(2 id+l ) 


(n = 2 (id+l, + l) 


(n-2) 


0 


2 


3 


1 


1 


4 


5 


3 


2 


8 


9 


7 


3 


16 


17 


15 


4 


32 


33 


31 


5 


64 


65 


63 



Figure 7 schematically illustrates how the value of the 



[ longer side to be drawn increases with the increase in number 
* of FIFO stages • The following Table 2 illustrates an exem- 
10 plary iterative number determination table (i.e., example of 
1 the ROM table 251) used to determine, by the longer-side val- 
ue output from the longer side calculator /selector 25a, how 
many times the operation should be performed repeatedly for 
an FIFO memory with four stages . 
15 [Table 2] 



Longer-Side Value 


Number of times of 




Operation 


1 (0001) 


1 


2(0010) 


1 


3(0011) 


1 


4 (0100) 


3 


5(0101) 


3 


6(0110) 


7 


7(0111) 


7 


8( 1000) 


7 


9(1001) 


7 
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As can be seen from Table 1, the longer-side value or the 
number ,of times of operation, which is a function of the num- 
ber (2 id+l ) of FIFO stages , can be represented as a general 
formula . 

5 Hereinafter, it will be described with reference to the 

accompanying drawings how the line-drawing apparatus with 
such a configuration operates. Although the operation of the 
X coordinate generator 2 will be detailed in the following de- 
scription, the same statement is applicable to the Y coordi- 

10 nate generator 3, Figures 8(a) through 8(d) schematically il- 
lustrate how to generate the coordinates for start point, end 
point and other midpoints. In Figure 8(a), the start and end 
point coordinate data are identified by 30 and 31, re- 
spectively. In Figure 8(b), first midpoint coordinate data 

15 32 represents a midpoint of a line segment connecting the 
start and end points that are represented by the coordinate 
data 30 and 31, respectively. In Figure 8(c), second mid- 
point coordinate data 33 represents a midpoint of a line seg- 
ment connecting the start point and the first midpoint that 

20 are represented by the coordinate data 30 and 32, respec- 
tively. Also, third midpoint coordinate data 34 represents a 
midpoint of a line segment connecting the end point and the 
first midpoint that are represented by the coordinate data 31 
and 32, respectively. And Figure 8(d) illustrates the coor- 

25 dinate data finally defined for these five pixels. As used 
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herein, the "pixel" refers to a point essential for a line to 
be drawn. 

Figure 9 schematically' illustrates how the coordinate 
data 30 through 34 are stored on the first and second FIFO 
5 memories 11 and 12, In Figure 9, the same components as those 
illustrated in Figure 2 will be identified by the same refer- 
ence numerals and the description thereof will be omitted 
herein . 

First, as shown in Figures 2 and 9, the coordinate data 
^io 30 and 31 for the start and end points to be drawn with re- 
spective coordinates (Xs, Ys ) and (Xe, Ye) are input to, and 
pj'i stored on, the parameter register 1. 

Next, Xs data, i.e., the X coordinate of the start 
hi point, is input from the parameter register 1 to the first 
iJS FIFO memory 11 and stored on the memory 11. At the same 
Ci time, the X coordinate controller 14 instructs the selector 
15 to output the Xs data to the address converter 4 shown in 
Figure 1. On the other hand, Xe data, i.e., the X coordinate 
of the end point, is input to, and stored on, the second FIFO 
20 memory 12, while the X coordinate controller 14 instructs the 
selector 15 to output the Xe data to the address converter 4 
along with the Xs data. As a result, the start and end point 
coordinate data 30 and 31 shown in Figure 8(a) are generated. 
Then, the start and end point coordinate data 30 and 31 
25 are respectively input from the first and second FIFO memo- 
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ries 11 and 12 to the X coordinate calculator 13. At the same 
time, tjie start point coordinate data 30, which is output from 
the first FIFO memory il, is input again as data 30A to the 
first FIFO memory 11 as shown in Figure 9. Thereafter, the 
5 end point coordinate data 31, which is output from the second 
FIFO memory 12, is input again as data 31A to the first FIFO 
memory 11. In this case, although these data are identified 
by different reference numerals 30A and 31A for illustrative 
purposes, these data have the same data values as the start 
10 and end point coordinate data 30 and 31, respectively. The 
same statement is applicable to data 32A and 32B to be de- 
scribed below. 

The X coordinate calculator 13 adds together the start 
and end point coordinate data 30 and 31 and divides the sum 

15 by two, thereby outputting first midpoint coordinate data 32. 
At the same time, the first midpoint coordinate data 32 is 
input again to the two memory cells in the second FIFO memory 
12 and stored thereon as data 32A and 32B. As a result, the 
first midpoint coordinate data 32 shown in Figure 8(b) is 

20 generated . 

Subsequently, as shown in Figure 9, the start point co- 
ordinate data 30A and the first midpoint coordinate data 32A 
are respectively input from the first and second FIFO memo- 
ries 11 and 12 to the X coordinate calculator 13. As a re- 
25 suit, the second midpoint coordinate data 33 shown in Figure 
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8(c) is generated. 

N^xt, the end point coordinate data 31A and the first 
midpoint coordinate data 32B' are respectively input from the 
first and second FIFO memories 11 and 12 to the X coordinate 
5 calculator 13. As a result, the third midpoint coordinate 
data 34 shown in Figure 8(c) is generated. In this manner, 
as for five line points (or pixels), the X coordinate calcu- 
lator 13 has to perform the add-and-divide-by-two operation 
three times. 

; ==:i0 Then, the address converter 4 converts the two- 

-I dimensional coordinates, consisting of the X and Y coordi- 
|i| nates output from the X and Y coordinate generators 2 and 3, 

Its b 

respectively, into one-dimensional coordinates as shown in 

£-f Figure 1. These one-dimensional coordinates are written as a 

;^fl5 frame image on the frame memory 6 by way of the memory inter- 
ns I 

i= - face 5. And the image is eventually presented on the image 
display 7 . 

Hereinafter, a specific configuration for the first and 
second FIFO memories 11 and 12 and a method of inputting and 
20 outputting data thereto/therefrom will be described. 

Figure 10(a) schematically illustrates the first FIFO 
memory 11 with four FIFO stages. The second FIFO memory 12 
may also have a configuration similar to that illustrated in 
Figure 10(a) for the first FIFO memory 11. The number of FIFO 
25 stages should be determined in advance by the longer-side val- 
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ciated stage and higher-level stages of the data storage sec- 
tion 111 are invalid* 

In this case, a single data unit is output by shifting 
the data on the first stage of the data storage section 111 
5 downward by one stage. For example, as can be seen from the 
FIFO memory 11 shown at the center of Figure 10(a), when the 
data "0" on the first stage is output from the memory 11, each 
of the data "8" and "4" and the end mark "1" is shifted down- 
ward by one stage. Thereafter, when two data units "2" and 

I 

:5jjL0 "1" are input to the data storage section 111, these data 
-J units are stored on the third and fourth stages of the data 
111 storage section 111, respectively, and the end mark "1" is 
shifted upward by two stages to be stored on the overflow sec- 
5* tion 113 as shown on the right-hand side of Figure 10(a). 
;;j5 If another data is input to the data storage section 111 

"* after the end mark "1" has been stored on the overflow section 
113, then the end mark "1" is written on the overflow section 
113 again and no data will be stored on the data storage sec- 
tion 111. On the other hand, if the data "8" is output in 
20 this state, then the end mark "1" is shifted to the fourth 
stage and "0" is written on the overflow section 113. 

Figure 10(b) illustrates the flow of data from the 
parameter register 1 to the X coordinate calculator 13 through 
the first and second FIFO memories 11 and 12 with such a con- 
25 figuration. In the illustrated embodiment, the data is input 
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ue of a line to be drawn by the line-drawing apparatus. For 
example,, as shown in Table 1, if the line has a longer-side 
value of 5, then each FIFO memory should have four stages. 
And if the line has a longer-side value of 9, then each FIFO 
5 memory should have eight stages. 

The first FIFO memory 11 preferably has the configuration 
shown in Figure 10(a). Specifically, the first FIFO memory 11 
includes data storage section 111 and end mark storage section 
112. The data storage section 111 has memory areas with a 
z%o width of at least 8 bits, while the end mark storage section 
:J 112 has memory areas with a width of 1 bit. The fifth stage 
ill of the end mark storage section 112 is an overflow section 
» 113. Data input to the data storage section 111 is stored on 
C| a vacant area adjacent to the area where valid data has al- 
Ul5 ready been stored. On the other hand, data, which is output 
first from the data storage section 111, is on the first one 
of the stages where valid data have been stored. 

In the FIFO memory 11 on the left-hand side of Figure 
10(a), data "0", "8" and "4" are respectively stored on the 
20 first, second and third stages of the data storage section 
111. And "0" is stored on each of the three associated stages 
of the end mark storage section 112. This means that each of 
the data stored on the data storage section 111 is valid. On 
the fourth stage of the end mark storage section 112, an end 
25 mark "1" is stored, which means that data stored on the asso- 
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to each of the FIFO memories 11 and 12 via a selector MPX and 
output from each of the FIFO memories 11 and 12 by way of a 
buffer • 

Hereinafter, specific examples will be described with 
5 numerical values actually assigned to the coordinate data. 

Figure 11 illustrates an example in which the start and 
end point coordinate data (Xs, Ys) and (Xe, Ye) are (0, 0) 
and (2, 2), respectively. As can be easily understood, mid- 
point coordinate data (1, 1) is generated just by performing 
QiO the operation only once for three pixels as shown in Figure 
\\ 11. 

ill Figure 12(a) illustrates an example in which the start 

3 and end point coordinate data (Xs, Ys ) and (Xe, Ye) are (0, 
Sf 0) and (2, 1), respectively. In this case, a decimal point 
;il5 calculation will result in a midpoint with coordinate data 
(1, 0.5). Thus, the resulting data is raised (or rounded) to 
generate midpoint coordinate data (1, 1). The rounding op- 
eration may be performed by providing below-decimal-point bit 
domains for the shifter 22 shown in Figure 3 and by adding 
20 one to one bit below the decimal point. Specifically, if the 
one bit below the decimal point is "0" after shifting, no 
carries will be caused. Alternatively, if the one bit is 
"1", carries will be caused and 0.5 will be raised to 1. 

On the other hand, Figure 12(b) illustrates an example 
25 in which the calculated data (1, 0.5) is truncated to gener- 
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ate alternative midpoint coordinate data (1, 0). This data 
is output when no below-decimal-point bit domains are provid- 
ed for the shifter 22. ' That is to say, the shifter 22 shown 
in Figure 3 generates this data. 
5 Figure 13(a) illustrates an example in which the start 

and end point coordinate data (Xs, Ys ) and (Xe, Ye) are (0, 
0) and (2, 3), respectively. The midpoint coordinate data to 
be generated step by step will be enumerated below. In the 
, following description, an arithmetic sign "#" means an arith- 
ao metic operation of dividing a sum of two data by two. Also, 
I in the following example, data with a decimal fraction is 
I rounded (or raised) . 

For Start and End Point Coordinates (0, 0) and (2, 3) 
j Step 1: (0, 0)#(2, 3)-*<l, 1.5)->(1, 2) 

b Step 2: (0, 0)#(1, 2)->(0.5, 1 )-><!, 1) 

Step 3: (2, 3)#(1, 2)^(1.5, 2.5)-^(2, 3) 

On the other hand, Figure 13(b) illustrates midpoint co- 
ordinate data resulting from truncation. 

For Start and End Point Coordinates (0, 0) and (2, 3) 
20 Step 1: (0, 0)#(2, 3)^(1, 1.5)->(1, 1) 

Step 2: (0, 0)#(1, l)-*(0.5, 0.5)-^(0, 0) 
Step 3: (2, 3)#(1, 1)^(1.5, 2 )-»<!, 2) 
As shown in Figures 13(a) and 13(b), the same image will be 
drawn in both of these cases . 
25 In the foregoing embodiment, the X and Y coordinate gen- 
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erators 2 and 3 are separately provided to perform calculation 
fqr respective coordinates. However, since X and Y coordi- 
nates are mutually independent data, just one of these coordi- 
nate generators may be provided and used repeatedly, 
5 As described above, according to this embodiment, a 

short line can be drawn without performing the division op- 
eration of calculating a linear parameter for the line. That 
is to say, since many clock cycles, which are usually re- 
quired for the division operation, are not needed, short line 
jiO drawing can be started while the division cycles are still 
•--.! being executed according to the conventional technique. Thus, 

Jj s 

V the coordinates of a line can be calculated at a higher speed. 

Particularly when a large number of short lines should be 
if drawn, much more computational process is executable within a 
i{L5 predetermined amount of time. As a result, the throughput of 
the drawing process can be improved considerably. 

Also, in the foregoing embodiment, the FIFO memories are 
used for storing data to be passed to the X coordinate calcu- 
lator 13. Alternatively, any other data storage means may be 
20 used instead of the FIFO memories so long as the storage means 
can pass the same data as the stored one. 

Modified Example of Embodiment 1 
Hereinafter, a method using a fixed memory instead of 
25 the FIFO memories will be described as a modified example of 
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the first embodiment . 

Figure 14(a) schematically illustrates a fixed memory 
for storing thereon the' data' to be passed to the X coordinate 
calculator 13. The fixed memory 45, i.e., exemplary data 
5 storage means as defined in the claims, has its number of 
stages determined in advance by the longer-side value of a 
line to be drawn by the line-drawing apparatus. For example, 
if the longer-side value is 9, then a data storage section 
with nine stages is needed as shown in Figure 14(a). If the 
io longer-side value is 17, then a storage section with 17 stages 
I is needed. That is to say, supposing the method using an FIFO 
I memory needs a storage section with a number m of stages 
(where m is a positive integer), the method using a fixed 
f memory needs a storage section with a number m+1 stages. 
Jl5 However, the fixed memory 45 is implement able as a single 
' block, whereas the method using the FIFO memories needs two 
blocks . 

Figure 14(b) illustrates the order in which the coordi- 
nate data should be stored on the fixed memory 45. First, 
20 the storage areas for the start and end points 1 and 9 of a 
line to be drawn are determined. In the illustrated example, 
the coordinate data of the start and end points 1 and 9 are 
stored on the data storage areas Al and A9, respectively. 

Next, the X coordinate calculator 13, including the adder 
25 21 and the shifter 22 shown in Figure 2, performs the addition 
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and the divide-by-two operation to obtain the coordinate data 
of the .first midpoint 5 between the start and end points 1 and 
9 and store the data on the data storage area A5 . Subse- 
quently, following the order of calculation shown in Figure 
5 14(b), the data of the second midpoint 3 between the start 
point 1 and the first midpoint 5 is stored on the data storage 
area A3 and then a similar operation will be performed sequen- 
tially* In Figure 14(b), (A5) denotes the data stored on the 
data storage area A5 . 
10 By repeatedly performing this operation seven times for 

the line with a longer-side value of 9, the coordinate data 
(A2) through (A8) for all of the seven midpoints can be ob- 
tained - 

The coordinate data of the midpoints do not have to be 
15 calculated in the order shown in Figure 14(b), but may be 
calculated in any arbitrary order so long as the coordinate 
data already obtained is used. In the illustrated example, 
the data storage areas Al through A9 of the fixed memory 45 
are arranged in the ascending or descending order of the ad- 
20 dresses for the memory (i.e., from the start point toward the 
end point). However, the data storage areas Al through A9 may 
be arranged in any order so long as one-to-one correspondence 
is established between the data obtained and their storage ar- 
eas. Furthermore, each pair of data storage areas does not 
25 have to be adjacent to each other. 



36 




In the method using the fixed memory according to this 



modified example, even if the longer-side value is 5, the op- 
eration shown in Figure 14(b) can be performed without chang- 
ing the control method in any way as shown in Figure 14(c). 
5 In this case, the data stored on the data storage areas A9 
and A8 have the same value and the same image will be drawn 
twice. However, there will be no problems in the line drawing 
process itself. In this modified example, the same amount of 
time is needed for each of the longer-side values of 3 through 



As can be seen, according to this modified example, the 

control can be simplified compared to the method using the 

FIFO memories, because the same method is applicable to the 
calculation of midpoints and the memory is fixed. 



EMBODIMENT 2 

Next, a second embodiment of the present invention will 
be described with reference to the accompanying drawings . 

Figure 15 illustrates a configuration for a line-drawing 
20 apparatus of the second embodiment. In Figure 15, the same 
components as those illustrated in Figure 1 will be identi- 
fied by the same reference numerals and the description 
thereof will be omitted herein- As shown in Figure 15, this 
apparatus further includes a color information generator 8, 
25 which has a similar configuration to that of the X and Y coor- 




9. 



^15 
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dinate generators 2 and 3, between the parameter register 1 
and the memory interface 5 . 

The line-drawing apparatus of the second embodiment can 
perform color interpolation on a line connecting start and 
end points where color information is added to the coordinate 
data representing the line including the start and end 
points . 

Hereinafter, it will be described how the line-drawing 
apparatus with such a configuration operates. 

In Figure 15, first, start and end point coordinate 
data, to which respective color data values have been as- 
signed, are stored on the parameter register 1. 

Next, as in the first embodiment, the X and Y coordi- 
nates of the start and end point coordinate data are input to 
the X and Y coordinate generators 2 and 3. Then, the opera- 
tion is performed a predetermined number of times to obtain 
the coordinate data representing the first, second, third mid- 
points and so on, which are subsequently output to the address 
converter 4. In parallel with this operation, the color data 
values of the start and end point coordinate data are input to 
the color information generator 8. As in the coordinate compu- 
tation, the color information generator 8 adds together the 
numerical values representing the colors of the start and end 
points and divides the sum by two, thereby outputting a piece 
of color interpolation information. Accordingly, the color 
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information generator 8 may have the same configuration as the 



in this case, the first and ' second FIFO memories 11 and 12, 
adder 21 and shifter 22 function as first and second color da- 
5 ta storage means, color data adding means and color data di- 
vide-by-two means, respectively. 

The interpolation information, which has been generated 
by the color information generator 8, is combined with its 
associated coordinate data in the frame memory 6. Then, a 
jo pixel in the specified color is drawn on the image display 7. 
; Figure 16 illustrates an exemplary line that has been 

■ drawn with various gradations, or with its colors interpo- 
lated. As used herein, the "gradation" refers to gradual 
) change in colors of separately located, discrete objects with 
as the interpolation. As shown in Figure 16, the midpoint with 
I the coordinates (1, 1) between the dark— colored start point 
with the coordinates (0, 0) and the light-colored end point 
with the coordinates (2, 2) has color data representing an 
intermediate color between them. 
20 Figure 17 illustrates a modified example of the color 

information generator 8. 

The color information generator 8 shown in Figure 17 in- 
cludes red, green and blue information generators 8a, 8b and 
8c, each having the same configuration as that of the X coor- 
25 dinate generator 2 . Thus , if the color information is repre- 



X .coordinate generator 2 shown in Figure 2. 



That is to say, 
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sented in terms of data for the three primary colors of red, 
gi;een and blue, this apparatus can perform color interpolation 
with even higher precision. 

As described above, the apparatus according to this em- 
bodiment uses no dividers, which are usually needed in a con- 
ventional apparatus and adversely increase the computational 
costs , even in drawing a short line that should have some gra- 
dation. Thus, the apparatus can draw such a line at a higher 
speed with its hardware configuration simplified. 

If the number of FIFO stages is relatively small, the 
single color information generator 8 may be used in common for 
obtaining respective data for red, green and blue. 

EMBODIMENT 3 

Next, a third embodiment of the present invention will 
be described with reference to the accompanying drawings . 

Figure 18 illustrates a configuration for a line-drawing 
apparatus of the third embodiment. In Figure 18, the same 
components as those illustrated in Figure 1 will be identi- 
fied by the same reference numerals and the description 
thereof will be omitted herein. As shown in Figure 18, this 
apparatus further includes brightness information generator 9 
and color data scaler 10 between the parameter register 1 and 
the memory interface 5 . The brightness information generator 9 
has a similar configuration to that of the X and Y coordinate 
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generators 2 and 3. The color data scaler 10 receives the out- 
put of ,the brightness inf ormation generator 9, performs color 
data scaling with reference' to the brightness data and then 
outputs the scaled information to the memory interface 5. 
5 The line-drawing apparatus of the third embodiment can 

perform brightness interpolation on a line connecting start 
and end points where brightness (or luminance) information is 
added to the coordinate data representing the line including 
the start and end points. 
10 Hereinafter, it will be described how the line-drawing 

apparatus with such a configuration operates. 

In Figure 18, first, start and end point coordinate 
data, to which respective brightness data values have been 
assigned, are stored on the parameter register 1. 
15 Next, as in the first embodiment, the X and Y coordi- 

nates of the start and end point coordinate data are input to 
the X and Y coordinate generators 2 and 3. Then, the opera- 
tion is performed a predetermined number of times to obtain 
the coordinate data representing the first, second, third mid- 
20 points and so on, which are subsequently output to the address 
converter 4. In parallel with this operation, the brightness 
data values of the start and end point coordinate data are in- 
put to the brightness information generator 9. As in the co- 
ordinate computation, the brightness information generator 9 
25 adds together the numerical values representing the brightness 
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of the start and end points and divides the sum by two, there- 
by outp.utting a piece of brightness interpolation information. 
Accordingly, the brightness "information generator 9 may have 
the same configuration as the X coordinate generator 2 shown 
5 in Figure 2. That is to say, in this case, the first and sec- 
ond FIFO memories 11 and 12, adder 21 and shifter 22 function 
as first and second brightness data storage means, brightness 
data adding means and brightness data divide-by-two means, re- 
spectively, 

10 Next, the brightness data generated is input to the 

color data scaler 10, which performs color data scaling with 
reference to the brightness data. In this case, the scaling 
is performed by regarding brightness values 0 and 1 as repre- 
senting relatively dark and relatively bright colors, respec- 

15 tively. Accordingly, if a line to be drawn has start and end 
points with respective brightness values 0 and 1, then the 
brightness of its midpoint will calculate as 0.5. By inte- 
grating this value with the color data, brightness-indexed 
color data can be obtained. 

20 Then, the brightness-indexed color interpolation infor- 

mation, which has been generated by the color data scaler 10, 
is combined with its associated coordinate data in the frame 
memory 6. Then, a pixel in the specified color and with the 
specified brightness is drawn on the image display 7. 

25 As described above, the apparatus according to this em- 
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bodiment uses no dividers, which are usually needed in a con- 
ventional apparatus and adversely increase the computational 
costs, even in drawing ' a short line that should be provided 
with some gradation in accordance with brightness -indexed col- 
5 or information. Thus, the apparatus can draw such a line at a 
higher speed with its hardware configuration simplified. 

In the foregoing embodiment, a single piece of color in- 
formation is associated with multiple brightness data values. 
Alternatively, those brightness data values may be defined 

10 for each of the three primary colors as in the modified exam- 
ple of the second embodiment. 

Optionally, the brightness information generator 9 and 
the color data scaler 10 of the third embodiment may also be 
added to the line-drawing apparatus of the second embodiment. 

15 In such an embodiment, the line-drawing apparatus can perform 
both brightness and color interpolations in drawing a line. 

EMBODIMENT 4 

Next, a fourth embodiment of the present invention will 
20 be described with reference to the accompanying drawings . 

Figure 19 illustrates a detailed configuration for an X 
coordinate generator in a line-drawing apparatus of the fourth 
embodiment. In Figure 19, the same components as those illus- 
trated in Figure 2 will be identified by the same reference 
25 numerals and the description thereof will be omitted herein. 
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The line-drawing apparatus according to any of the fore- 
gqing embodiments is adapted to draw a short line as a collec- 
tion of points within a predetermined amount of time. In 
contrast, the line-drawing apparatus of the fourth embodiment 
5 takes advantage of the conventional method of calculating a 
linear parameter representing the slope of a line to be drawn. 
Specifically, the line-drawing apparatus of this embodiment 
selectively adopts the method of generating multiple midpoints 
successively or the conventional method of calculating the 

10 linear parameter depending on the longer-side value (i.e., the 
number of pixels). 

As shown in Figure 19, the line-drawing apparatus further 
includes a parameter calculator 41. The parameter calculator 
41 receives the start and end point coordinate data from the 

15 parameter register 1, calculates the slope of a line including 
the start and end points represented by the coordinate data 
received and then outputs the slope to the X coordinate calcu- 
lator 13. 

The X coordinate generator 2 further includes first, sec- 
20 ond and third selectors 42, 43 and 44 implemented as the 
first, second and third selecting means as defined in the ap- 
pended claims. The first selector 42 receives the output val- 
ues of the first FIFO memory 11 and the parameter calculator 
41 and selectively outputs one of these values to the X coor- 
25 dinate calculator 13. The second selector 43 receives the 
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output: values of the second FIFO memory 12 and the X coordi- 
nate calculator 13 and selectively outputs one of these values 
to the X coordinate calculator 13 . And the third selector 44 
receives the respective output values of the parameter regis- 
5 ter 1/ adder 21 and shifter 22 and selectively outputs one of 
these values to the address converter 4. 

Figure 20 illustrates a detailed configuration for an 
iterative number regulator 25 in the X coordinate controller 
14 according to the fourth embodiment. In Figure 20, the same 
IilO components as those illustrated in Figure 5 will be identi- 
^ f ied by the same reference numerals and the description 
li\ thereof will be omitted herein. As shown in Figure 20, the 
: " iterative number regulator 25 further includes a line-drawing 
method determiner 25d. The line-drawing method determiner 25d 
yjl5 receives the output of the longer side calculator/selector 25a 
Ci and determines whether or not the absolute value of the dif- 
ference between X or Y coordinates of the start and midpoint 
coordinate data exceeds a predetermined value. If the absolute 
value is greater than the predetermined value, then the line- 
20 drawing method determiner 25d generates and outputs a line- 
drawing method determination signal to the first and second 
selectors 42 and 43 such that the output of the parameter cal- 
culator 41 is selected. 

Hereinafter, it will be described how the line-drawing 
25 apparatus with such a configuration operates. 
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In drawing a short line, the line-drawing apparatus oper- 
ates just as described in the first embodiment. On the other 
hand, in drawing a long line, the line-drawing apparatus 
adopts the conventional line-drawing method. Thus, it will be 
5 mainly described with reference to the processing flow shown 
in Figure 21 how the iterative number regulator 25 shown in 
Figure 20 determines which of the long and short line drawing 
methods should be taken. 

Figure 21 is a flowchart illustrating how the iterative 

10 number regulator 25 determines the line-drawing method to 
take according to the fourth embodiment. 

First, the longer side calculator/selector 25a performs 
a longer side calculation and selection process shown in Fig- 
ure 21. Specifically, supposing the coordinate data repre- 

15 senting the start and end points to be drawn are (Xs, Ys ) and 
(Xe, Ye), respectively, the longer side calculator/selector 
25 obtains the respective absolute values of the difference 
between the X coordinates ( | Xe — Xs | ) and the difference be- 
tween the Y coordinates ( | Ye — Ys | ) for the start and end 

20 points and outputs one of these differences with the greater 
absolute value. 

Next, the line-drawing method determiner 25d determines 
whether or not the absolute value, output from the longer 
side calculator/selector 25a, is greater than a predetermined 

25 longer-side value (or the predetermined number of pixels). 
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Suppose the absolute value is greater than a longer-side val- 
uq of ?, for example. In such a case, the determiner 25d 
makes the first selector 42 ' select the output signal of the 
parameter calculator 41 and makes the second selector 43 se- 

5 lect the output signal of the X coordinate calculator 13. 
And the determiner 25d outputs a line-drawing method determi- 
nation signal, which disables the output signal of the 
shifter 22, to the third selector 44. Alternatively, if the 
absolute value is equal to or less than the nine-pixel- 

10 equivalent value, the determiner 25d makes the first and sec- 
ond selectors 42 and 43 select the output signals of the fir- 
st and second FIFO memories 11 and 12, respectively. And the 
determiner 25d outputs a line-drawing method determination 
signal, which disables the output signal of the adder 21, to 

15 the third selector 44. 

Subsequently, the number-of -times comparator 25b shown 
in Figure 20 determines, based on the data provided from the 
longer side calculator/selector 25a, how many times the op- 
eration should be performed. Supposing the iterative number 

20 determination table shown in Table 2 is used, if the number 
of pixels is three or less, then the operation should be per- 
formed just once as shown in Figure 21. Using the same ta- 
ble, the operation will be performed three and seven times, 
respectively, for five pixels or less and nine pixels or 

25 less, respectively. 
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By providing the line-drawing method determiner 25d, pa- 
rameter, calculator 41 and selectors 42 , 43 and 44, a long 
line can be drawn just as intended if the number of pixels is 
nine or more. 

The line-drawing method determiner 25d may also be con- 
nected to receive the output of the number-of-times compara- 
tor 25b. In such an embodiment, there is no need to perform 
the process of determining whether the output of the longer 
side calculator/selector 25a exceeds a predetermined value 
j|10 such that the long line drawing method is adopted for nine 
*| pixels or more. 

■3S As described above, the line-drawing apparatus of the 

lBfe fourth embodiment can generate coordinates for any line using 
J* the same computational resource, i.e., the adder 21 in this 
"15 case, no matter whether the line to be drawn is long or 
i«* short. Thus, even when short and long lines both should be 
drawn, a hardware resource can be shared without providing 
any additional adder 8. 

Moreover, in drawing a short line, there is no need to 
20 perform the division operation using the difference of X co- 
ordinates, which is required in drawing a long line. Thus, 
compared to the conventional technique, coordinates for a 
short line can be obtained faster and the overall throughput 
of the line-drawing process can be improved. 
25 In the foregoing embodiment, the "short line" is sup- 
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posed to correspond to nine pixels or less. However, the 
pr.esent, invention is not limited to this specific value. 

Accordingly, although the number of FIFO stages is four 
in the foregoing embodiments, the number does not have to be 
5 four. Instead, as can be seen from the relationship shown in 
Table 1 between the number of FIFO stages and the longer-side 
value, any other appropriate number may be selected for a 
line to be drawn • 

10 EMBODIMENT 5 

Hereinafter, a fifth embodiment of the present invention 
will be described with reference to the accompanying draw- 
ings . 

In the foregoing fourth embodiment, the conventional 
15 line-drawing method using a linear parameter is adopted to 
draw a long line. In this fifth embodiment, the long line to 
be drawn is once divided into a plurality of short lines and 
then those short lines divided are drawn one after another. 

Figure 22 illustrates a configuration for an X coordi- 
20 nate generator 2 for the line-drawing apparatus of the fifth 
embodiment. In Figure 22, the same components as those of the 
X coordinate generator 2 of the first embodiment shown in Fig- 
ure 2 are identified by the same reference numerals and the 
description thereof will be omitted herein. As shown in Fig- 
25 ure 22 , the X coordinate generator 2 of the fifth embodiment 




includes line-drawing FIFO memories 50 and dividing FIFO memo- 
ries 51.. The line-drawing FIFO memories 50 include the first 
and second FIFO memories 11 and 12 shown in Figure 2. The di- 
viding FIFO memories 51 are connected in parallel to the line- 
5 drawing FIFO memories 50 and include memories with a function 
equivalent to that of the first and second FIFO memories 11 
and 12. Although not shown in Figure 22, the dividing FIFO 
memories 51 are also provided for the Y coordinate generator. 
Next, it will be described how to divide a long line. 

10 Figure 23(a) illustrates a long line LI to be drawn with 

a longer-side value of 9. As shown in Table 1, if the number 
of FIFO stages of each of the line-drawing FIFO memories 50 is 
four, then the longer-side value of the long line to be drawn 
is 5. In that case, the dividing FIFO memories 51 divide this 

15 long line Ll into two, thereby generating first and second 
short lines L2a and L2b as shown in Figure 23(b). Specifi- 
cally, the first short line L2a starts at "1" and ends at "5", 
while the second short line L2b starts at "5" and ends at "9". 
On the other hand, if the number of FIFO stages of each 

20 of the line-drawing FIFO memories 50 is two, then the longer- 
side value of the long line to be drawn is 3 . In that case, 
the dividing FIFO memories 51 divide the long line Ll into 
four, thereby generating first, second, third and fourth short 
lines L3a, L3b, L3c and L3d as shown in Figure 23(c). Spe- 

25 cifically, the first short line L3a starts at "1" and ends at 
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for determining the number of times the divide-by-two opera- 
tion should be performed to divide the long line into short 
lines. 

In this manner, according to the fifth embodiment , a long 
5 line is repeatedly divided in advance into short lines by the 
same method as that used to draw a short line until each of 
the short lines can be drawn. And then these short lines di- 
vided are drawn one after another. Accordingly, even a long 
line with a longer-side value exceeding that determined by the 
alio number of FIFO stages of the dividing FIFO memories 51 can be 

•S3 ' 

s l drawn without using the linear parameters. In addition, the 
long line Ll is divided at its midpoint as is done in each em- 
|* 5 bodiment of the present invention. Thus, just by providing 
*\ the dividing FIFO memories 51 in parallel to the line-drawing 
] jl5 FIFO memories 50 and adding the dividing ROM table 25 IB, the 
ll other circuits and hardware resources can be shared. As a re- 
sult, the line-drawing apparatus can have a simpler configura- 
tion. 

Also, multiple line-drawing apparatuses of the first em- 
20 bodiment may be prepared. In that case, after a long line to 
be drawn has been divided into a plurality of short lines that 
can be drawn by these apparatuses, those short lines may be 
drawn by the same number of line-drawing apparatuses in paral- 
lel. In this manner, the long line can be drawn in a much 
25 shorter time. 
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"3", the second short line L3b starts at "3" and ends at "5", 
the third short line L3c starts at "5" and ends at "7" and the 
fourth short line L3d starts at "7" and ends at "9". 

The following Table 3 is an example of a more practical 
5 division number determination table: 



[Table 3] 



Longer-side value 


Division Number 


Number of times of 
Divide-by-two operation 


3 through 33 


1 


0 


34 through 65 


2 


1 


66 through 129 


4 


3 


130 through 25 7 


8 


7 



As can be seen from Table 3, if the longer-side value is 



up to 33 (i.e., if the number of stages of the line-drawing 
FIFO memories 50 is 32 or less), then no divide-by-two opera- 

10 tions need to be performed. It can also be seen that this 
method is applicable to any long line with a longer-side value 
of 257 or less- 

Figure 24 illustrates a configuration for a number-of- 
times comparator 25b including the division number determina- 

15 tion table. In Figure 24, the same components as those illus- 
trated in Figure 6 are identified by the same reference 
numerals. As shown in Figure 24, the number-of -times compara- 
tor 25b of the fifth embodiment includes line-drawing ROM ta- 
ble 251A and dividing ROM table 251B. The line-drawing ROM 

20 table 251A is used for determining the number of times the 
line-drawing operation should be performed to draw short 
lines. On the other hand, the dividing ROM table 25 IB is used 
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■ t 1 

As for a line with a longer-side value greater than 257, 
the conventional method of drawing a line using its linear 
parameter may be additionally adopted as in the fourth embodi- 
ment . 
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